geographic expanse of British colonial possessions for scientific purposes, European meteorologists at early twentieth-century international meetings continuously referred to the importance of the publication of meteorological data from 'distant regions'. 13 For G.K.
Lempfert, Assistant Director of the Meteorological Office, ' [t]hese resolutions were in large measure… directed at us of the British Empire'. 14 Lempfert's imperial self-admonition reveals anxieties about the failure of British meteorology to appropriately coordinate its imperial activities. Although meteorology had become, along with its geophysical siblings, 'a means for the scientific mastery of geographical space', it was far from a globally unified or coordinated discipline. 15 However, at the dawn of the twentieth century the practical empiricism (and even parochialism) of official British meteorology -as described by Anderson -was giving way to a new interest in worldwide 'centres of action', wherein large pressure or temperature gradients might hold the key -through carefully sited observatories -to understanding weather patterns across large expanses of the globe. 16 In India, John Eliot had come to realise, through his work on the Indian monsoon, that making sense of a space like the Indian Ocean as a whole, where weather on one side was seemingly linked to weather on the other, would have to be a metropolitan project. 17 Likewise, the Meteorological Office's new chief, Napier Shaw, was being drawn to 'suggestive' correlations between UK rainfall and the southern trade winds, as captured by an anemograph lent to the colony of Saint Helena. 18 Against this backdrop, in 1905 a committee of the British Association for the Advancement of Science (BAAS) made recommendations to the British government that the London Meteorological Office should take responsibility for the coordinated compilation, publication and analysis of meteorological data for the entirety of the British Empire. The renowned meteorologist Meteorological Office acting as an advisor, through the Colonial Office, on the form which these circulating statistics should take. 26 The actual practice of colonial meteorology was far outside the control of the Meteorological Office, reflecting the assumption that colonies should be largely selfsufficient in their governmental conduct. Circular instructional memoranda only yielded modest convergences and improvements in colonial meteorological technique, as reflected in the jumble of differently-formatted tables, mis-named variables and statements of errata which constituted the Meteorological Office's reprints of colonial returns, which began in 1910. 27 The persistently patchy quality of the returns forced the Meteorological Office, in 1923, to begin publishing notes alongside the numbers detailing the conditions and inconsistencies of the data collection, weighing their credibility. This 'meta-data', as it would be known today, was generated by a questionnaire sent from London to those responsible for enumerating the weather in the colonies. 28 Following the failure of the proposal for an Imperial Meteorological Office, metropolitan minds turned from coordinating and gathering the Empire's weather data to gathering together its weather men. The thrust again came from John Eliot, and plans were hatched to hold a meeting alongside the gathering of the Royal Society of Canada in May 1908.
However, Eliot's death in March of that year and an insufficient number of Empire representatives in attendance precluded the convening of an official meeting. Nonetheless, when the caravan of the BAAS rolled into Winnipeg in 1909, a few imperial delegates gathered in a hotel to discuss plans for the colonial weather summaries, and resolved that ' [i]t is desirable to arrange for the exchange on an organised basis of meteorological data between the different portions of the British Empire'. 29 Following consultations with other colonial meteorologists, the plan saw the Meteorological Office taking on the responsibility for reprinting colonial returns and distributing them to the wider scientific community. The 1909 gathering of imperial meteorologists also saw discussions of standardized units for pressure and temperature which formed, for Meteorological Office synoptician and World War I military meteorologist Ernest Gold in later reflections, 'the basis of the Réseau Mondial' -the IMO's attempt to construct a representative 'worldwide network' of climatological stations which would produce a global picture of the atmosphere. 30 The Réseau Mondial had been proposed by Léon Teisserenc de Bort in 1905, building on earlier arguments for the establishment of new weather stations in the great meteorological 'centres of action'. 31 An IMO commission was appointed for its execution in 1907, but the scheme faltered in the face of 'prohibitive expense' and de Bort's subsequent death. 32 Reflecting the new prominence given to international issues within the Meteorological Office, Napier Shaw took on the responsibility for the network, but the barriers to receiving data on time and in the correct formats proved great and publication was often delayed by over a decade. Nonetheless, the Réseau Mondial broke new ground in international cooperation and its datasets still form an important part of centennial scale climate reconstructions. 33 The 1909 meeting highlights the ambiguities of meteorological internationalism, as plans were hatched in the same room for both imperial coordination and a more classically 'internationalist' form of cooperation in the Réseau Mondial. In both cases metropolitan ambition would soon rub up against the vagaries of local meteorological practices and the governmental structures in which they were embedded. Although the boundaries between, and relative value of, theoretical (or 'pure') meteorology and applied, governmental meteorology were still uncertain and contested, the systematic study of the weather was emerging as a key marker of modern statecraft. 34 In 1877 Major George Chesney, promoter of more direct British involvement in the government of India, remarked that the 'study of the rainfall is one of the first duties of a civilized government'. 35 Later, Sir George Simpson, head of the Meteorological Office from 1920 to 1938, ruminated on how the early years of the twentieth century saw meteorology go from being 'a somewhat despised science' to 'an important Government department and an indispensable part of public service'. 36 Meanwhile, the role and status of the British Empire was up for debate and, as many scholars have shown, science and technical expertise offered either legitimation or new potential to imperial projects, with the notion of 'development' becoming an organising principle of imperial paternalism. 37 Imperial science, themed around a nascent 'unity of concept and action through cooperation', offered a model imperial polity. 38 For members of the metropolitan elite like Shaw and Simpson, a globalised meteorology could contribute both to the development of unifying geophysical laws as well as to the successful government and cooperative development of a widespread empire. In the rest of this paper, I follow the evolution of British imperial meteorology up to the mid twentieth century. The periodic Conferences of Empire Meteorologists provide both a convenient lens onto British meteorological practice and a means of making sense of the metropole-colony tensions which marked the slow emergence of meteorological globalism. atmosphere. Yet from the limited documentary evidence that remains, the conference appears to have mainly been an exercise in information-sharing and acquaintance-making; most of these people had never met before. 43 Notes were exchanged on the actual form of the different meteorological services being represented -a surprising indication of the lack of knowledge these services had of each other, and sometimes of themselves. The head of the South African service, for example, revealed that he didn't even know how many weather stations he had feeding information in to his office.
Matters of technical standardisation were prominent -such as the agreed timing of meteorological balloon assents -but formal agreements and decisions were deferred to the forthcoming meeting of the IMO in Paris. So, with formal mechanisms of coordination off This was the first time that New Zealand had been represented at any international meteorology conference, and Bates admitted to finding it all 'very tedious'. 44 But his interest was piqued by the possibility of aligning his own scientific interests with those of others, declaring early on that 'the Dominion has endeavoured to follow Great Britain and fulfil its obligations to its own people, to the Empire and to the scientific world'. 45 It was Bates who initially proposed the resolution that the conference be put on a permanent footing. In New Zealand, Bates saw a lack of resources and limited scope for international cooperation as hindering meteorological progress. Imperial cooperation, however tedious to organise, was the answer:
Organisation on an Imperial basis can alone create standards for the scattered dominions and keep the several meteorological services efficient in a time of change such as the present crisis of financial stress and political strife. 46 Bates saw himself as an agent of 'British science', expressing concern for example that in Samoa, recently placed under New Zealand's trusteeship and home to a 'fine Meteorological Observatory' of German origin, the failure to coordinate resources to support meteorology could lead to a loss of 'prestige' for 'British science… in the Pacific'. 47 Bates and others at the conference clearly saw the opportunity to strengthen the worldwide activities of this 'British science', and to amplify the diverse voices which constituted it in international settings like the IMO. A resolution was passed expressing 'regret that the reports, and computing only average storm paths, was insufficient when it was the extreme, rather than the mean, which was the key object of anticipation. 49 Grant therefore proposed 'that this aspect of Meteorology should be made a special study of the British Empire State
Meteorological Office in London', and the conference resolved that 'an Organisation be established to deal with the question on imperial lines'. 50 Although the US Weather Bureau had established a hurricane warning service across the West Indies in 1898, the slower work of analysing how hurricanes work was considered something that the British office, although always far from the eye of the storm, had a stake in pursuing. 51 The desire to make sense of the weather's extremes, rather than just the circulating averages of meteorological summaries, reflected also a wish to come to terms with the climatic diversity of the British Empire through strategies of imperial coordination and cooperation. But the centralisation of hurricane studies in London was not a metropolitan initiative imposed on the imperial meteorologists. It was rather a seemingly consensual move, perhaps gaining legitimacy through the face-to-face interactions facilitated by this new technology of British science policy, the imperial conference. 52 (Table 1) . Such events commonly featured quixotic rhetorics of imperial unity, although earlier organicist metaphors of the scientific and commercial coordination of a single, imperial body were increasingly giving way to an enthusiasm for cooperation, whose 'mechanism was not to be the formal command, but the informal conference'. 54 In the field of forestry, imperial conferences were held regularly in the interwar period with the ambition of bringing the Empire's diverse epistemic and technical practices of forestry into greater union, with the state forestry of India providing a seemingly durable and transportable model. 55 Based on Tilley, Africa as a Living Laboratory, p131
The first forestry conference of 1920 occurred amid the din of 'ardent British imperialists'
articulating the 'ambitious hope that a self-sufficient, supremely competitive Empire would emerge as a special corrective to rapidly evolving international insecurities'. 56 After a decade of relative prosperity and advances in the sciences of the air, a similarly heady mix of technological optimism and bombastic political rhetoric pervaded the 1929 meteorological proceedings. 57 As aviation technologies had advanced, hopes that the red blocs of imperial maps could be tied together by an efficient, British system of air transport were beginning to materialise. 58 Likewise, airships offered the prospect of a slow, dignified mode of imperial transport. The success of both of these technologies would be dependent on the careful marshalling and coordination of meteorological knowledge.
While the forestry conferences largely aimed at furthering the spread of the Indian model of forest management (initially enshrined in the Indian Forest Charter of 1855), the meteorology conferences gave greater weight to metropolitan practices and priorities. For the Air Ministry, the chief aim of the conference was to 'bring before the Empire meteorologists the problems of Empire meteorology and to show how they were being dealt with in Great Britain'. 59 This time, invitations were sent out through official diplomatic channels, although the Meteorological Office had first consulted the directors of the dominion services as to whether or not the heads of the colonial services should be invited at all. The dominions unanimously agreed to colonial inclusion, but the fact that the Meteorological Office considered that an Empire conference could be sufficiently imperial with only dominion representation reflects the fact that aviation, with its emerging geography of inter-dominion mobility, was top of the list of subjects to be discussed. Transcontinental flying required not only the circulation of knowledge of average atmospheric conditions in different parts of the globe, but also the production of short-term forecasts for pilots before take-off and the intricate coordination of information provision from meteorological services to pilots en route. Here, the subject matter of an imperial meteorology was not just the global atmosphere as a dynamic physical system, but as a complicated and hazardous space to traverse.
As with most of the conference topics, discussions began with a detailed outline of British shuttling between the local and the global, the national and the international; an interstitial space for reconciling the vagaries of local practice with the vaulting ideals of scientific internationalism. 67 We can see, therefore, how the Empire was being positioned as part of the process by which meteorology could become global in its subject matter by becoming appropriately global in its practices. But this will to standardise amid the climatic, governmental and practical diversity of Empire was also geared towards more straightforwardly material gains. 68 With an eye on the USA and a perception of direct links between American climatic diversity and economic vitality, a climatic sensibility at the heart of the EMB mission led to an enthusiasm for the opportunities offered by agricultural meteorology. This was a subdiscipline which was, and perhaps still is, ambiguously defined as either the application of existing meteorological knowledge to agricultural practices, or the pursuit of new knowledges of plant-atmosphere interactions. The EMB, as part advertising agency, part substitute for 'imperial preference' trading tariffs, and part research funder, was keen to support this field, however ill-defined. The EMB had already funded the retired Napier Shaw to the tune of twenty-five guineas to conduct preliminary investigations into the correlation between weather and sultana crops, but he found little, and argued that extremes of temperature -again rendered invisible by circulating meteorological averages -were the likely causes of yield variation. 69 So when word got around that the Empire's meteorologists were returning to London, the EMB, with support from the Ministry of Agriculture and Fisheries (MAF), sensed an opportunity to refine the calculative apparatus through which the Empire's climates could be rendered economically productive. 70 British agricultural workers involved in the Crop Weather Scheme, a joint research initiative of MAF and the Meteorological Office, were invited to attend the agricultural discussions, and a larger hall at the Civil Service Commission in Burlington Gardens was secured for the occasion. The discussions between the assembled meteorologists and agriculturalists, with Napier Shaw in the chair, were somewhat strained, at least initially. The two parties struggled to agree on the spatial boundaries of each other's expertise and responsibility. Did epistemic responsibility shift from the plant scientist to the meteorologist at the boundary of the leaf, the top layer of the soil, or somewhere in the wider agricultural landscape?
Echoing more recent debates about the interface between climate models and studies of climate change impacts, agriculturalists complained that extant meteorological data was illsuited to their calculative needs. Meteorology, it seemed, offered spatial abstraction from a few, approximately representative points in space. But the agriculturalists were more interested in the specificities of the points themselves; alas, 'there is no crop growing inside the rain gauge'. 71 The meteorologists -led by the new head of the Meteorological Office, George Simpson -retorted that they simply didn't know what variables the agriculturalists were interested in, and it was the latter's job to define which variables were relevant.
Despite renewed interest in matters of weather and climate among foresters during this period, imperial forestry never made it onto the Empire meteorologists' agenda, even with topics like the suitability of imported crops to new colonial soils and climates echoing contemporary conversations within in the arboricultural community. 72 It was perhaps the new institutional presence enjoyed by agricultural meteorology in Great Britain, particularly within MAF and the EMB, which enabled the meteorological community to be drawn into direct, if contentious, discussions with these particular potential users of their knowledge.
Napier Shaw privately expressed surprise that, far from the conference as a whole sticking to 'its meteorological mutton' and questions of aerial navigation, the 'Ministry of Agriculture managed to get the other applications of meteorology into the limelight'. 73 Perhaps as a result of Shaw's 'remarkable firmness' in the chair, some agreements were eventually reached between the agriculturalists and meteorologists. 74 Resolutions were passed on the Shaw's reference to the US Weather Bureau echoes the EMB's envious eye on the US and its apparent economic mastery of its climatically diverse territory. The clearing house idea was subsequently investigated by a sub-committee of MAF's Agricultural Meteorological Committee, which found that the youthfulness of the science perhaps made such a bureau as yet unnecessary. Data from the temperate dominions was already circulating to the benefit of British workers. In the tropical Empire, efforts should be concentrated on improving meteorological networks before seeking to apply data to agriculture. 76 Formal decision was nonetheless deferred to the Imperial Agricultural Research Conference planned in Australia for 1932 which, owing to the ensuing worldwide economic crash, never happened. 77 Despite the agricultural section of the 1929 conference not having the institutional legacies some had hoped for, the gathering nonetheless tells us something about the paths being taken by imperial meteorology in this period. The meeting contributed to the ongoing formalization of imperial cooperation in agricultural research described by Joseph Hodge, and illustrates how meteorologists were responding -or were being encouraged to respond -to evolving practices and ideologies of imperial development. 78 In the context of international data standards, the Empire's climatic diversity had exposed the eurocentrism of emerging international agreements. 79 In the agricultural context, this diversity was considered an economic resource, ripe for science-led development. But embracing this climatic diversity demanded the social work of negotiating difference, whether between disciplines, or within meteorological practice. So while George Simpson protested that the agricultural micro-climate was 'really not the business of the meteorologist', and Napier 83 Walter's proposal for trans-imperial, trans-national regional commissions was adopted by the IMO, and Regional Commission No. 1 (Africa) met for the first time in Lusaka in August 1936, under Walter's chairmanship. 84 The resolutions and recommendations of this conference were roundly accepted by the IMO in 1937, which resolved that:
[the IMO] wishes to assure the Regional Commissions that it will give such consideration to any of their recommendations as will lead to modifications in International Resolutions, Codes and practice, to meet their needs, and so realise that world-wide uniformity which is so desirable.
Walter described this meeting and the setting-up of regional commissions -which persist within the WMO -as the greatest achievement of his career. His evaluation of the episode is worth quoting at length:
This resolution was a great achievement for me as it gave official recognition to a principle for which I had been contending for several years, that the colonial services and, especially those in the tropics, had to deal with conditions both administrative and scientific which had no parallel in the more advanced organisations of Europe and the meteorological conditions of higher latitudes.
Up to the present there had been a tendency on the part of our English colleagues in the Air Ministry to treat with contempt the colonial Directors who had not been recruited from the ranks of the Air Ministry officials, if they dared to suggest that problems of tropical meteorology were not amenable to treatment by methods laid down by the pundits who pontificated from Kingsway. I was particularly pleased that we had not only received the 'imprimatur' from the International authorities, but Yet it is still important to attend to the role of these gatherings and networks in the coproduction of new knowledges and political identities. 93 The CCM still officially exists to this day, albeit in a seemingly quite fragmentary and unstable way. But during the 1980s the meetings became a forum for discussing emerging concerns about anthropogenic climate change, with the particular geography of the Commonwealth directing attention towards the possible fate of small island states under rising seas. Elongating the trend in imperial science observed by Hodge in the early to mid twentieth century, attention switched from the potential exploitation of the atmosphere as a resource to its potential degradation. 94 The Commonwealth was arguably important in fostering the new collective consciousness and identity of small island states as a community united in opposition to the rising seas. An assessment of the future course and impacts of climate change by a Commonwealth study group in 1989, which predated the first Intergovernmental Panel on Climate Change report, prioritised the impacts of climate change on small and vulnerable states, and pointed to the CCM as a key resource in efforts to make sense of and combat these threats. 95 Since then,
Commonwealth figures have repeatedly referred to climate change as an issue through which the Commonwealth can make itself relevant and useful, albeit with debatable levels of impact. 96 
CONCLUSIONS
This article has argued that British imperial meteorology is an important part of the story of how meteorology became global, both in its subject matter and its practices. In terms of subject matter, imperial meteorology took a particular interest in large-scale spatial correlations, promoting exploration of the upper air and establishing the kind of datasets which could enable new appreciations of the atmosphere as a global, interconnected system. 97 As a set of practices, imperial meteorology aided the globalisation of the science through new drives for coordination and standardisation which were motivated by a combination of epistemic, technical, political and commercial demands. 
